Purpose: Patients with prostate cancer and high risk disease characteristics may benefit from multimodal therapy. However, the effects of multimodal therapy on health related quality of life have not been comprehensively described. We further characterized health related quality of life in patients treated with multimodal therapy. Materials and Methods: Patient data were obtained from the CaPSURE™ database, a national disease registry of men with prostate cancer. Included patients received active primary therapy (ie surgery or various forms of radiation) for prostate cancer with or without adjuvant or neoadjuvant therapy, and had complete clinical data, including health related quality of life assessments at baseline and through 2 years after treatment. The association between health related quality of life outcomes and different primary therapies with and without adjuvant or neoadjuvant therapy over time was analyzed using a repeated measures mixed model for each primary therapy. Results: A total of 2,204 men met the study criteria. As primary therapy 1,427 patients received radical prostatectomy, 267 received external beam radiation therapy and 510 received brachytherapy. When androgen deprivation therapy was included with radical prostatectomy, brachytherapy or external beam radiation therapy, there was a transient loss of sexual function that improved within 9 months postoperatively. When external beam radiation therapy was given with brachytherapy there was continuous worsening of urinary function and bother through 21 months. Conclusions: Multimodal therapy may lead to declines in health related quality of life especially in the domains of urinary function, urinary bother and sexual function. These effects must be considered and patients must be counseled appropriately before initiation of multimodal therapy.
P atients with prostate cancer and high risk disease characteristics face a high likelihood of disease recurrence and progression following monotherapy and, therefore, may benefit from multimodal therapy. Indeed, randomized controlled trials have confirmed that in select settings multimodal therapy confers a survival benefit. For example, adjuvant androgen deprivation therapy has been shown to improve overall survival in patients receiving external beam radiation therapy. 1 Additionally, patients found to have lymph node involvement on radical prostatectomy have a survival benefit from adjuvant ADT. 2 Other supplemental therapies have not conferred such clear benefit. In patients with pT3 disease and those with positive surgical margins, adjuvant EBRT given with RP has to date been proven only to improve biochemical relapse rates, but not survival. 3 Neoadjuvant ADT before RP decreases the positive surgical margin rate but has not been confirmed to improve relapse rates or survival. 4 Among intermediate and high risk patients receiving brachytherapy, the addition of ADT might improve relapse rates, but not survival. 5 Combination EBRT with standard BT does not consistently improve biochemical relapse rates compared to BT alone. 6 Current guidelines support the use of ADT with EBRT for intermediate and high risk disease. 7 However, clear guidelines on other combinations of therapy are not yet available, and the benefits of multimodal therapy must be considered within the context of their impacts on quality of life. While previous studies have examined the sexual and hormonal side effects of multimodal therapy, a comprehensive analysis of the HRQOL effects of multimodal therapy has not yet been reported. 8 -11 Thus, we characterized the impact of multimodal therapy compared to monotherapy on quality of life.
METHODS

Patient Population
Patient data were obtained from CaPSURE, a national observational database of men with biopsy proven prostate adenocarcinoma initiated in 1995. Patients are recruited into the database through 31 community, academic and government urological practices, and are asked to complete an HRQOL survey at baseline and every 6 months after initiation of treatment. Further details regarding the database and data collection procedures have been reported previously. 12 Men were selected for the study population if they underwent primary therapy, including RP, EBRT, and BT with or without neoadjuvant and/or adjuvant EBRT and/or ADT. In addition, to be included in the study population men were required to have complete clinical data available, including PSA, biopsy Gleason score and clinical T stage, and HRQOL assessment via surveys at baseline and during 2 years after treatment.
Treatment Technique
Patients were treated according to standard practices of individual physicians and institutions. ADT included treatment with luteinizing hormone-releasing hormone agonists and/or antiandrogens. EBRT included non-3-dimensional radiation therapy and 3-dimensional conformal planning techniques. BT was typically performed via a transperineal approach under transrectal ultrasound guidance. 103 Pd, 125 I and 192 Ir were all reported types of radioisotopes used. Nerve sparing RP and nonnerve sparing RP were performed.
Outcomes Assessment
Standard demographic data were obtained before the initiation of therapy. Clinical data provided by the enrolling urologist included medical history, pretreatment PSA, Gleason grade, staging and other laboratory data. Comorbidity data were collected from a 12-item medical history checklist based on the Charlson comorbidity rating scale. 15 General HRQOL data were obtained through the RAND Medical Outcomes Study Short Form-36, and the PCS and MCS were calculated. 13 Prostate specific HRQOL data were obtained using the UCLA-PCI, which includes the 6 domains of sexual function, sexual bother, bowel function, bowel bother, 
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Statistical Analysis
The associations of different clinical and sociodemographic characteristics within each treatment type were evaluated by chi-square tests for categorical and 1-way ANOVA for continuous data. The association between HRQOL outcomes and different primary therapies with and without adjuvant or neoadjuvant therapy over time was analyzed using a repeated measures mixed model. Repeated measures analysis was used because it takes into account the correlation of the recurring outcome within patients. In addition, it handles missing values and truncation in an optimal way, by taking into account the time patterns of the available data. The repeated measures model included comorbidities, risk stratification, baseline HRQOL score, nerve sparing status for RP, patient age, type of treatment, time period, and an interaction term between treatment type and time, included to determine whether patterns of HRQOL differ over time by type of treatment. Risk stratification was determined by pretreatment PSA, Gleason grade and clinical TNM staging. Each primary therapy (RP, EBRT and BT) was tested separately. All analyses were performed using SAS® version 8.
RESULTS
Patient Characteristics
A total of 13,124 men with prostate cancer were available in the CaPSURE database of whom 8,720 were treated with primary RP, EBRT or BT. Of the 8,720 men 2,204 who had complete clinical data and HRQOL surveys available at baseline and 2 years of followup constituted the analytic Patients treated with RP alone more often had Gleason grade less than 7 and PSA less than 10 compared to those who also received adjunctive ADT (72% vs 49% Gleason grade less than 7, 88% vs 69% PSA less than 10). Similarly those who received therapies adjunctive to primary BT and primary EBRT also tended to have higher PSAs and Gleason grades at diagnosis (table 1).
General HRQOL
There was a statistically significant difference in PCS between RP alone and RP with ADT (52.2 vs 50.0 at 3 months, p Ͻ0.05), with the former having higher PCS scores. Also, patients receiving EBRT with ADT had statistically significantly higher MCS scores (53.7 vs 51.2 at 3 months, p Ͻ0.05) but these differences were small and of questionable clinical significance. Other differences in PCS and MCS scores were not statistically significantly different among treatment groups.
Prostate Specific HRQOL
Unadjusted mean urinary function and bother scores over time for different therapies are shown in figure 1. For primary RP neither the addition of EBRT nor ADT significantly changed the trajectory (p ϭ 0.06) or absolute values (p ϭ 0.3) of urinary function. However, patients receiving adjunctive EBRT with RP seemed to experience declining urinary function at 21 months. In mixed model analysis when EBRT was given with BT, urinary function continued to decline through 21 months while after BT alone there was slight improvement in urinary function over this period (p Ͻ0.01). Patients receiving BT with EBRT and ADT had significantly lower scores for urinary function relative to BT alone (p Ͻ0.05). The addition of ADT to primary EBRT did not significantly impact urinary function values (p ϭ 0.2) or trajectory over time (p ϭ 0.08).
Urinary bother was not affected by the addition of ADT to primary RP (p ϭ 0.8). However, the addition of EBRT to primary BT led to significantly worse bother (p Ͻ0.05), which worsened through 21 months, although this difference in trajectory was not statistically significant (p ϭ 0.09). 
FIG. 2. Unadjusted means of bowel function scores for EBRT (A), BT (B) and RP (C). Unadjusted means of bowel bother scores for EBRT (D), BT (E) and RP (F).
Urinary bother was not affected by the addition of ADT to primary EBRT (p ϭ 0.6). Mean bowel function and bother scores over time for different therapies are shown in figure 2. RP alone and RP with EBRT or ADT did not differ significantly for bowel function (p ϭ 0.4) or bowel bother (p ϭ 0.05), but there was a trend for RP with ADT to have worse bowel bother in the early postoperative period. Neither bowel function nor bother was significantly altered by the addition of adjunctive therapies to BT or EBRT. Bowel bother scores 3 months postoperatively for BT combined with EBRT appeared to be lower than other BT therapies, and BT combined with EBRT and ADT did not show improvement in bowel bother until 15 months, but these differences were not significant (p ϭ 0.3).
Sexual function and bother over time for different therapies are shown in figure 3 . After adjusting for baseline sexual function, the addition of ADT to RP significantly decreased sexual function scores early (p Ͻ0.05) but both showed continuous improvement through 21 months (p ϭ 0.5). The addition of EBRT to RP did not appear to significantly alter sexual function. In mixed model analysis BT alone and BT with EBRT showed modest declines in sexual function during the entire postoperative period, while both BT therapies that included ADT (BT with ADT, BT with ADT and EBRT) showed significantly worse 3-month postoperative sexual function, and then showed continued improvements in function through 15 months and eventually matched BT therapies that did not include ADT (p Ͻ0.01). Similar results were seen when comparing EBRT alone and EBRT with ADT (p Ͻ0.001).
Sexual bother following RP did not differ significantly from RP with ADT (p ϭ 0.9) as both showed continuous improvement during the course of 21 months. Similarly there was no significant difference in sexual bother between BT alone and multimodal BT therapies (p ϭ 0.7) or between EBRT alone and EBRT with ADT (p ϭ 0.6).
Since sexual function was quite low at 3 months in some categories, there is risk of a floor effect with patient surveys. Thus, a subgroup analysis was performed on the patients with the top 20% of sexual function scores at baseline. As seen in figure 4 the addition of ADT in this group seemed to result in a transient decrease in sexual function and bother relative to monotherapy, and sexual function and bother scores were similar by 15 and 21 months. In patients with high baseline sexual function receiving BT the addition of ADT resulted in worse sexual function that appears sustained (p Ͻ0.001). Cases treated with RP and ADT approached statistically significantly worse sexual function compared to RP alone (p ϭ 0.06).
DISCUSSION
In this study the use of neoadjuvant/adjuvant EBRT combined with BT resulted in worse urinary function and bother through 21 months. Similarly Krupski et al, using the International Prostate Symptom Scale, found increases in irritative and obstructive symptoms following BT with EBRT compared to BT alone. 16 Although combination EBRT with BT has been shown in other studies to result in greater bowel dysfunction compared to BT alone, 17 this was not seen in the current study. Given that combination EBRT and BT resulted in continued worsening of urinary function and bother through 21 months, and that past studies show significant morbidity 16, 17 and in some cases limited efficacy, 6 the application of combination EBRT and BT should be considered judiciously, and the relative risks and benefits should be discussed with patients. Data from the current study also suggest that ADT results in transient effects on sexual function when combined with EBRT, BT or RP. In a subgroup of patients with high baseline sexual function scores the effects of ADT on patients receiving RP or BT did not appear to resolve as completely. Speight et al, also analyzing CaPSURE data, showed that neoadjuvant short-term ADT resulted in transiently lower sexual function in patients receiving EBRT or BT during the first postoperative year. 11 Black et al likewise found that in patients receiving RP adjuvant ADT resulted in only a transient worsening of sexual function. 10 Thus, when ADT is given as adjunctive therapy to BT or EBRT, there is a transient decrease in sexual function that appears to be short-lived. However, in patients with baseline high sexual function scores undergoing RP or BT the HRQOL effects of ADT may be more pronounced and prolonged.
These findings should be measured against the established benefit of ADT in combination with EBRT or RP when counseling selected patients with advanced or high risk disease.
1,2 However, there is no evidence that the practice of giving neoadjuvant ADT before BT for volume reduction improves survival or decreases morbidity. 5, 18 Given that patients with baseline high sexual function receiving BT and ADT may endure sustained decreases in sexual function, this practice should be applied with caution and patients advised to take cytoreductive therapy to facilitate brachytherapy should be advised of the potential adverse effect on sexual function.
Several limitations of this study should be considered. The analysis of patients receiving EBRT as adjuvant therapy to RP is significantly limited due to the small sample size. Previous studies have more thoroughly addressed the HRQOL effects of adjuvant EBRT following RP. 19 With regard to HRQOL assessments, the UCLA PCI is relatively insensitive to urinary irritative symptoms often seen after radiotherapy and does not assess hormonal symptoms. 21 Other HRQOL surveys, such as the EPIC, may have provided more information, but in terms of sexual and urinary domains the EPIC and the UCLA PCI have been shown to correlate well. 20 This study also showed no differences in bowel function or bother between multimodal therapy and monotherapy. This also could be a consequence of the PCI questionnaire as it has been shown to not correlate well with the EPIC in terms of bowel function. 20 We cannot rule out definitely that baseline HRQOL surveys were taken while the patient was being treated with neoadjuvant ADT but we have no reason to believe this is common. Furthermore, CaPSURE reflects community practice over time in a wide range of settings, and we were unable to control entirely for the heterogeneity of type and duration of ADT and/or EBRT. It is unlikely that doses of ADT were any different from recommended doses but the mean duration of therapy is shorter than the duration measured in other studies. It may be expected that more prolonged treatment would be associated with more adverse symptoms.
CONCLUSIONS
As multimodal therapy is applied in prostate cancer, a clear understanding of how these therapies interact in terms of adverse effects is important. These data demonstrate that multimodal therapy does not substantially affect general HRQOL. However, combination EBRT and BT appeared to result in continued worsening of urinary function and bother, and as such must be administered with adequate counseling to properly selected patients. Adjunctive ADT exerts a mostly transient negative effect on sexual function. Given its utility in improving disease specific and overall survival when combined with EBRT, these transient effects may be a tolerable side effect in this setting.
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